Eight strains of Clostridium botulinum type E out of twelve tested showed good growth and normal cell morphology in a synthetic medium containing choline. Growth and toxin production by a representative strain was not influenced by repeated subculturing. In the chemically defined medium, acetylcholine, N,N-dimethylethanolamine, and lecithin could replace choline to get normal cell division and cell morphology of C. botulinum type E. Choline could not be replaced by ethanolamine, N-methylethanolamine, or betaine. A toxigenic strain of C. botulinum type E showed proteolytic, lipolytic, and lecithinase activity in complex media but not in a synthetic medium. On prolonged incubation in the high temperature range of growth, the toxicity of the culture filtrate decreased in a complex, but not in a synthetic medium. The implications of these findings are discussed.
num type E spores in different geographical areas (5, 7, 9, 10, 12, 13, 16, 26, 27, 28, 34) and the observation that various fish products have different capacities to promote growth and toxin production (1, 6, 8, 35, 42) have prompted investigations into the behavior of this organism in different chemical and physical environments (2, 36, 38) . Lack of suitable chemically defined media has hitherto arrested the elucidation of the nutritional requirements of the organism. Recently, however, a few reports describing growth and toxin production of C. botulinum type E in chemically defined media have been published (22, 23, 41, 43) . The present investigation describes the influence of the chemical environment on some physiological properties of C. botulinum type E.
MATERIALS AND METHODS
Organisms. The 0.4 g of glucose, 60 mg of Na-thioglycolate, 2 ml of glycerol tributyrate, 0.2 g of NaCI, 2 g of agar, and distilled water to 100 ml, pH 7.4. Sterile stock solutions of glucose, Na-thioglycolate, tributyrate, and egg yolk emulsion were added aseptically to the sterile proteose peptone base. The chemically defined medium was prepared from stock solutions of the individual components and was sterilized by filtration. The complex media were sterilized by autoclaving for 15 min at 121 C. All stock solutions were stored in the dark at 4 C. Those not used within 2 weeks of preparation were discarded.
Toxin assay and neutralization tests. These were as described earlier (23) .
Proteolytic activity. Proteolytic activity was estimated from the casein precipitating effect of proteolytic enzymes in casein agar as described by Sandvik (Thesis, Vet. College of Norway, Oslo, 1962). Preliminary experiments had shown this method to be the most sensitive one for estimating proteolytic activity. The casein agar was poured into petri dishes and the agar layer had a thickness of 2 mm. The culture filtrate to be tested was adjusted to pH 6.2 before 0.025 ml was deposited in wells (6-mm diameter). The petri dishes were incubated at 37 C for 20 hr.
Lipolytic and lecithinase activity. Reactions in egg yolk agar as described by Willis (44, 45) Efficiency of the synthetic medium. The chemically defined medium (D-Y) used for growth and toxin production of C. botulinum type E was developed during the present investigation and its composition has been published elsewhere (22) . The capacity of this medium to support growth and promote sporulation is further demonstrated in Fig. 1 . It was also noticed that a minimal inoculum of about 100 cells/ml was needed to promote growth, and that the corresponding figure for proteose peptone medium was about 10 cells/ ml.
The constancy of growth and toxin production after repeated subculturing in D-Y is shown in Fig. 2 iltrates from relatively few species of bacteria (24, 30, 31, 46) il the D-y and have not been found in the few species of isferredfrom Clostridium tested (20, 21) . The formation of the complex lecithin via the stepped transmethylation of to produce ethanolamine to N-methylethanolamine, N,Nes. Further-dimethylethanolamine, and choline is known to y lecithin in occur in lecithin-synthesizing bacteria (21, 29, 32) . ty could be Our findings that ethanolamine and N-methyl- (20) . precipitation
The action of choline on the cell division of C. botulinum type E may thus be due to its role as a 
